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@ Differential pressure controlling metliod for plat 

e reformer of fuel cell power generation system. 


® The method controls a differential pressure of a 
plate reformer (9) installed In a fuel cell power gen- 
eration system. In the power generation system, a 

a raw material gas (NG) is refomied to a fuel gas in 
the plate reformer (9), the fuel gas Is fed to an anode 
^ (3) of a fuel ceil (FC), an anode exhaust gas from the 
00 anode (3) is fed to a combustion chamber (Ob) of the 
f plate reformer (9). a combustion exhaust gas from 
the combustion chamber (gb) is fed to"a cathode (2) 
^ of the fuel cell (FC) together with an air, and part of 
the air is fed to the combustion chamber (9b). The 
O method includes the steps of placing the plate re- 
former (9) in a pressure vessel (24), maintaining a 
Ql pressure of a cathode exhaust gas to a constant 
value, feeding part of the air to be fed to th cathode 
(2) and all of the anode exhaust gas into the com- 


bustion chamber (9b) to make a pressure of the air 
and that of the anode exhaust gas substantially the 
same so as to make a pressure of the refonning 
chamber (ga) and that of the combustion chamber 
(gb) substantially the same, and forming an opening 
on a line which feeds the air into ttie combustion 
chamber (gb) to allow the gas in the line to enter the 
pressure vessel (24) so as to make the pressure of 
the refonning chamber (9a), that of the combustion 
chamber ^b) and that of the pressure vessel (24) 
suttstantially the same. 
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The present inv nBon relates to a fuel cell 
power generation system which directly converts 
chemical en rgy of a fuel into lectrical n rgy, 
and more particularly to a method of controlling a 
differentiaJ pressure of a plate reformer which is 
installed In the power generation system to reform 
the raw material to a fuel gas and feed ttie fu^ gas 
Into an anode of a fuel cell. 

Among various types of fuel cell power genera- 
tion system, one of typical power generation sys- 
tems incorporating a molten carbonate fuel cell 
utilizes a natural gas as a raw material gas. A 
fundamental structure of such a fuel coll power 
generation system will be described with reference 
to Rgure 4 of the accompanying drawings. 

A fuel ceil FC is a stack fuel cell elements 
which are piled up with separators being inter- 
posed. Each cell element includes an electrolyte 
plate (tile) 1, a cathode (electrode) 2 and an anode 
(electrode) 3, and the tile 1 is sandwiched by these 
electrodes 2 and 3. An air line 4 extends to the 
cathode 2 and an air A pressurized by a compres- 
sor 5 is introduced to the catliode 2 via an air 
preheater 6 through the air line 4. Gases dis- 
charged from the cathode 2 (called "cathode ex- 
haust gas*) flow in the air preheater 6 and a steam 
generator (not shown) before being expelled to the 
atmosphere. 

A natural gas NG is used as a raw material gas 
in this povrar generation system. The natural gas 
NQ is desulfurized by a desulfurizer (not ^own) 
and mixed with a steam H20. This mixture is 
introduced to a natural gas feed line 7 and flows in 
a natural gas preheater 8 and a reforming chamber 
9a of a reformer 9 in tum. The natural gas be- 
comes a fuel gas as it is reformed in the reforming 
chamber 9a. The fuel gas flows in a fuel gas feed 
line 10 and the natural gas preheater 8 before It 
reaches the anode 3. Gases discharged from the 
anode 3 (called "anode exhaust gas') are intro- 
duced to a combustion chamber 9b of the refomier 
9 by an anode exhaust gas line 11. In the combus- 
tion chamber 9b, combustible components in the 
anode exhaust gas are bumed with the air fed from 
a lino 12 branched from the air line 4. A combus- 
tion exhaust gas which contains CO2 and is dis- 
charged from the combustion chamtier 9b pro- 
ceeds to a heat exchanger 13 and a recycle blower 
14. The exhaust gas Is pressurized by the blower 
14 arid supplied to the cattuxje 2 together with the 
air. 'M' indicates a motor. 

Row rate control valves 15 and 17 are pro- ' 
vid«l on the air feed line 4 and the natural gas 
feed line 7, respectively. These valves 15 and 17 
are cxinnected with flow rate controllers 18 and 18, 
reflectively, and these controllers are connected 
witti a master controller (not shown) such ttiat the 
air flow rata and the fuel flow rate are adjusted in 


accordance with a required output of the fu 1 cell 
FC. 

Recently, a plate refomfier is used as the r»- 
fonner 9 since the plate type one is compact and 

5 unifonn combustion, which in tum results In effec- 
tive refomriation, can be expected in all over the 
combustion chamber 9b. 

A conventional plate refonner is categorized 
into two types: air dispersion type and fuel disper- 

10 aon type. An air is dispersed in the fuel in the 
former type and a fuel is dispersed in an air in the 
latter t^e. One example of the former type is 
disclosed in Japanese Utility Model Application. 
Publication No. 2-37739 and that of the latter type 

IS is disclosed In Japanese Utinty Model Registration 
N0.1 ,952.542. As illustrated In Figure 5 of the ac- 
companying drawings, the plate refbnmer of the air 
dispersion type includes a plurality of reforming 
chamber 9a and combustion chambers 9b piled up 

20 with heat transfer walls 21. A .'efbrming catalyst IS 
is placed in the reforming chamber 9a. The com- 
bustion channber 9b is divided into two sub-cham- 
bers (a catalyst chamber 2Cto and an air dispersion 
chamber 23) by an air dispersion plate 22. The air 

zs dispersion plate 22 has a number of dispersion 
openings. A comtHJStlon catalyst 20 is placed In the 
catalyst chamber 20b. An air A Is fed to the cata- 
lyst chamber 20b from the air dispersion chamber 
23 through the openings of the air dispersion plate 

30 22. The reforming chamber 9a and the combustion 
chamber 9b are shaped like plates, respectively. 
These chambers are piled up and welded to each 
other at their peripheries to form a single plats 
refomier of air dispersion type. The fuel F is fed to 

35 the catalyst chamber 20b of the combustion cham- 
ber 9b and the air A Is fed to the catalyst chamber 
20b from the air dispersion chamber 23 via the 
dispersion plate 22 so that the air A disperses 
within the fuel F in the catalyst chamber 20b while 

40 being combusted. Then, a combustion exhaust gas 
CG is discharged from the catalyst chamber ^b 
(or the combustion chamber 9b) . Heat generated 
upon combustion in the combustion chamber 9b is 
transfenned to the reforming chamber 9a via the 

45 heat transfer wall 21 and used as a heat source for 
the rofomnlng reaction. The raw material gas NG is 
reformed In the reforming chamber 9a and dis- 
charged as a refbrmed gas RG. 

A plate refonner of fuel di^rsion type is 

so obtained by feeding the fuel F to the dispersion 
chamber 23 and feeding the air A to the catalyst 
ctiamber 20b. 

The plate reformer 9 installed in the above- 
described fuel cell power generation system in- 

55 dudes a plurality of flat elements joined wth each 
other by the welding so that if a differential pres- 
sure between th refomning chamber 9a and the 
combustion chamber 9b and that ti^ween the Irv 
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side of th reformer 9 and the outsid of th same 
becom too large, tti w Iding cannot bear th 
differential pressure. Therefore, th diff rential 
pressures should be suppressed under prescribed 
values, respectively. s 

One pressure difference controlling method Is 
schematically illustrated in Rgure 6 of the accom- 
panying drawngs. This method may be appBed to 
controlling the pressure difference between the re- 
fonming chamber 9a and the combustion chamber io 
9b and that between the inside and outside of the 
reformer 9. As shown in Rgure 6, the plate re- 
former 9 is placed in a pressure vessel 24, a 
differential pressure meter 25 is provided between 
an exit of the reformer chamber ga and an en- is 
trance of the combustion chamber 9b, another dif- 
ferential pressure meter 26 is provided between an 
entrance of the refonning chamber 9a and an exK 
of the combustion chamber 9b, a differentiaJ pres- 
sure control vahw 27 is provided to. adjust a flow zo 
rate of a gas from the exit of the reforming cham- 
ber 9a upon receiving an instruction from the dif- 
ferential pressure meter 25, and another differential 
pressure control valve 28 is provided to adjust a 
flow rate of a combustion exhaust gas upon receiv- as 
ing an instruction from the differential pressure 
meter 26. In addition, differential pressure control 
vah/es 31 and 32 are provided on a fluid feed line 
29 and a fluid discharge line 30 to control a pres- 
sure inside the pressure vessel 24. Further, a dif- ao 
ferential pressure meter 33 is provided to detect a 
differential pressure between the entrance of the 
combustion chamber 9b and the inside of the pres- 
sure vessel 24, and another differentia) pressure 
meter 34 is provided to detect a differential pies- as 
sure between the exit of the combustion chamber 
gb and the inside of the pressure vessel 24. The 
differential pressure contiDl value 31 is controlled 
by the differential pressure meter 33 and the dif- 
ferential pressure control valve 32 is controlled by 4o 
the differential pressure meter 34. 

However, the above-descrit>ed conventional 
method using the differential pressure control 
valves cannot insure that the differential pressure 
always stays in a predetermined range when a « 
tnuble occurs in the valves 27, 28, 31 and 32, the 
differential pressure meters 25, 26, 33 and 34, an 
air feed line, a power source or other components. 
Therefore, the conventional method has a problem 
in reliability and a large expense should be used to so 
these components. 

Another differentiaJ pressure method is known 
which is applied to caitrolling of a differential pres- 
sure between tiie anode and cathode of the fuel 
cell: tiie anode ffichaust gas and the cathode ex- ss 
haust gas are both Introduced to a catalyst com- 
bustor and mixed therein so that the gas pressure 
of th se gases mad equal to each otiier. However, 


it is difficult to simultaneously control a differential 
pressure between the reforming chamt)er and com- 
bustion chamber of the plate reformer. 

An object of ttie present invention is to provide 
a method of controlling a differential pressure be- 
tween reforming chamber and combustion chamber 
of a plate reformer of a fuel cell power generation 
system and that between inside and outside of the 
plate reformer without using a vaJve in controlling a 
differential pressure. 

Another object of the present invention is to 
provide a fuel cell power generation system which 
allows an easy control of a differential pressure of a 
plate refonner as well as a differential pressure 
between anode and cathode of a fuel cell at the 
same time. 

According to one aspect of tine present inven- 
tion, there is provided a mettiod of controlling a 
differential pressure of a plate refonner used in a 
fuel csli power ganaration sysfBm, a raw material 
gas being reformed to a fuel gas by the plate 
reformer, the fuel gas being fed to an anode of the 
fuel cell from a reforming chamber of tiie plate 
reformer, an anode exhaust gas being fed to a 
combustion chamber of the plate reformer from the 
anode, a combustion exhaust gas being fed to a 
cathode of the fuel cell from the combustion cham- 
ber together with an air, part of the air or part of a 
cathode exhaust gas being fed to the combustion 
chamber, characterized in that the plate reformer is 
placed in a pressure vessel, a pressure of ttie 
cathode exhaust gas is maintained to a constant 
value, part of ttie air introduced to ttie cathode and 
ttie anode exhaust gas are fed to the combustion 
chamber to make ttie pressures of these gases 
equal to each ottter so ttiat the pressure of the 
reforming chamber and that of ttie combustion 
chamtier t>ecome equal to each other, and an 
opening is formed on a line intaxxjudng ttie air into 
ttie combustion chamber for allowing ttie air in the 
line to enter the (M-essure vessel to make tfie re- 
forming chamt)er, the combustion chamber and the 
pressure vessel have substantially ttie same pres- 
sure. 

Rgure 1 shows a schematic diagram of a 
power generation system according 
to the present invention: 

Rgure 2 shoYrs an outiine of another power 
generation system according to the 
present invention; 

Rgure 3 illustrates a modification of the sys- 
tem shown in Rgure 2; 

Rgure 4 illustrates a conventional fuel cell 
power generation system using a 
natural gas as a raw material gas; 

Rgure 5 depicts a conventional plate rsform- 
or, and 

Rgure 6 depicts a conventional method of 
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controlling a differentia] pressure of 
a reform r. 

Now, prefen-ed embodiments of the present 
inv ntion will be described with reference to Rg- 
ures 1 to 3 of the accompanying drawings. 

A fundamental stmcture of a power generation 
system illustrated in Rgure 1 is the same as that of 
the system illustrated in Rgure 4. 

Specificalty, a fuel cell FC includes a stack of 
fuel cell elements piled up with separators. Each 
ceil element includes an electrolyte plate (tile) 1 , a 
cathode (electrode) 2 and an anode (electrode) 3, 
and the tile is sandwiched by these electrodes. 

An air feed line 4 is connected with the cath- 
ode 2 of the fuel cell FC and an air A pressurized 
by a compressor 5 is introduced to the cathode 2 
via an air prehaater 6b through a line 4. A cathode 
exhaust gas discharged from the cathode 2 flows in 
the air proheater 6 and a steam generator (not 
shown) before expelled to the atmosphere. A natu- 
ral gas NG is used as a raw material gas. The 
natural gas NG is desuifurized by a desulfurizer 
(not shown) and mixed with a steam H2O and this 
mixture flows in a naftiral gas feed line 7 to be fed 
to a natural gas preheater 8 and a refomiing cham- 
ber 9a of a reformer 9. The raw material gas NG is 
refonmed in the refonming chamber Qa and be- 
comes a fuel gas. The fuel gas flows in a fuel gas 
feed line 10 and is introduced to the natural gas 
preheater 8 and the anode 3. An anode exhaust 
gas from ^e anode 3 flows in an anode exhaust 
gas line 11 to be fed to a combustion chamber 9b 
of the refonner 9. In the combustion chamber 9b. a 
combustible component among the anode exhaust 
gas is burned with the air fed from a branch line 
12. This line 12 Is branched from the air feed line 
4. A combustion exhaust gas discharged from the 
combustion chamber gb which contains CCJz flows 
through a heat exchanger 13 to reach a recycle 
blower 14. The combustion exhaust gas is pressur- 
ized by the blower 14 and fed to the cathode 2 
together with the air fed from the air feed line 4. 
"M" indicates a motor. 

Row rate control valves 15 and 17 and their 
controllers 18 and 18 are provided on the air feed 
line 4 and the natural gas feed line 7, respectively. 
The flow rate controllers 16 and 18 are connected 
with a master controller (not shown) to rscelva 
instnictions in adjusting the air flow rate and the 
fuel flow rate which are determined in accordance 
with a required output of the fuel cell FC. 

A plate reformer as shown in Rgure 5 is em- 
ployed as the reformer 9 in this embodiment 

As illustrated in Rgure 1, the plate reformer 9 
is housed in a pressure vessel 24, and the natural 
gas preheater 8 and the heat exchanger 13 are 
also housed in the pressure vessel 24. 


A cathode exhaust gas line 35 is oinnected to 
an exit of the cathode 2 of the fu I cell FC and the 
air preheater 6 is connected to the line 35. On the 
line 35 dovmstream of th air preheater 6, provided 

5 are a pressure control valve 38 and a pressure 
controller 37 virtifch controls the valve 36. 

The branch line 12 extending between the heat 
exchanger 13 and the combustion chamber 9b of 
the reformer 9 has a check valve 38. On the line 12 

70 upstream of the check waive 38, fbmned is an 
opening 39 which communicates the branch line 12 
with the pressure vessel 24. Because of this open- 
ing 39, the air in the branch line 12 is allowed to 
enter the pressure vessel 24. The check vahre 38 is 

75 provided on the branch line 12 to prevent a gas 
from reversely flowing into the pressure vessel 24 
fl'om the combustion chamber 9b via the opening 
39. 

A line 40 is connected to Aie pressure vessel 

20 24 to lead N2 gas to the vessel 24. As the air A Is 
discharged into the pressure vessel 24 from the 
opening 39 of the line 12, an oxygen concentration 
is raised in the vessel 24 and this might cause 
explosion. To avoid such a situation. Nz gas is 

2S introduced to the pressure vessel 24 and lowers 
the oxygen concentration. 

A pressure of the cathode exhaust gas dis- 
charged from the cathode 2 is maintained to a 
certain constant value by the pressure control valve 

30 36 on the cathode exhaust gas line 35. The air in 
the branch line 12 and the anode exhaust gas in 
the line 1.1 are both introduced to the combustion 
chamber 9b of the refonner 9 so that the pressures 
of these gases become equal to each other In the 

3S combustion chamber 9b. The pressure of the re- 
fonming chamber 9a is set a value higher than an 
Inside pressure of the combustion chamber 9b by 
an anode pressure loss, a pressure toss at the 
natural gas preheater 8 and a pressure loss in the 

40 fuel feed line 10 between the reforming chamber 
9a and the anode 3. However, these tosses are 
negligibly small so that the pressure of the com- 
bustion chamber 9b and that of the reforming 
chamber 9a are substantially the same. As a result, 

45 a large pressure difference does not appear be- 
tween the combustion chamber 9b and the refonm- 
Ing chamber 9a. At the same time, it is possibto to 
make the pressure of the anode 3 and that of the 
cathode 2 sutistantlally the same. 
60 When the inside pressure of the pressure ves- 

sel 24 is tower than that of the combustion cham- 
ber gb, the air flows into the pressure vessel 24 
from the opening 39 of the branch line 12 to make 
the inside pressure of the pressure vessel 24 and 
55 that of the combustion chamber gb sutistantially 
equal to each other. Therefore, the Inside pressure 
of th pressure vessel 24 becomes equal to ttiat of 
the plate reformer 9. In other words, th inside 
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pressures of th pressure vess I, combustion 
chamber 9b and reforming chamber 9a becom 
sut:>stantially the same. 

As the differential pressure adjustment is car- 
ried out by the air introduction to the pressure 
vessel 24, the oxygen concentration in the pressure 
vessei 24 is raised. At this point, if there is a 
hydrogen gas iealcage, ain explosion migiit occur. In 
consideration of this, an Ms gas is always or occa- 
sionally fed into the pressure vessei 24 from the 
line 40 to reduce an amount of the air (or oxygen) 
introduced from the line 12. 

Rgure 2 illustrates another embodiment of the 
present invention. This power generation system 
has a structure similar to the one illustrated In 
Rgure 1 except the following points: the opening 
39 is not formed in the branch line 12, the checic 
valve 38 Is not provided on the brwch line 12 and 
the Ns gas feed line 40 is not provided. Instead, an 
opening 42 is formed in the combustion sxhau^. 
gas line 41 to intnxtuce the combustion exhaust 
gas into the pressure vessei 24 and a drain dis- 
charge line 44 is connected with the pressure ves- 
sel 24. A drain valve 43 is provided on the dis- 
charge line 44. By feeding the combustion exhaust 
gas into the pressure vessel 24, the pressure in the 
refomiing chamber 9a, that in the combustion 
chamt}er 9b and tfiat in the pressure vessel 24 
become substantially equal to each other. Other 
elements of the power generation system of Rgure 

2 are the same as those shown in Rgure 1 . 

In this embodiment, the pressure of the reform- 
ing chamtjer 9a and that of the combustion cham- 
ber 9b are substantially equal to each other and 
the inside pressure of the plate reformer 9 and that 
of the pressure vessei 24 are substantially equal to 
each other upon gas communication through the 
opening 42 of the combustion exhaust gas tine 41 . 
A water HjO is created upon reaction in the anode 

3 and this water is cont^ned in the combustion 
exhaust gas discharged from the combustion 
chamber 9b. As the combustion exhaust gas is 
introduced to the pressure vessel 24, the water 
may flow into the pressure vessel 24 from the 
opening 42 and t>ecome a drain. To remove the 
drain, the drain discharge line 44 extends from the 
pressure vessel 24. 

According to the embodiment illustrated In Rg- 
ure 2, the combustion exhaust gas whose oxygen 
concentration is low is introduced to the pressure 
vessel 24 so that a posability of explosion upon 
leakage of Hz into the pressure vessel 24 is re- 
duced. 

Rgure 3 shows a modification of the embodi- 
ment shown in Rgure 2. Instead of feeding ttia air 
into the combustion chamber 9b of the plate re- 
former 9 from th tsranch lin 12 extending from 
th air feed line 4, a lin 45 Is branched from the 


cathode exhaust gas line 35 and connected with 
* combustion chamber 9b: part of the cath de 
exhaust gas is introduced to the combustion cham- 
ber 9b as a combustion gas. The opening 42 is 

5 formed on the combustion exhaust gas line 41 to 
feed the combustion exhaust gas into the pressure 
vessel 24. like the Rgure 2 embodiment 

According to the emIxxJiment ^own in Rgure 
3, the pressure in the refomning chambw 9a and 

10 ^at in the combustion chamber 9b are adjusted to 
be equal to each other, and the pressure inside the 
reformer 9 and that outside the reformer 9 are 
adjusted to be equal to each ottier without differen- 
tial pressure control depending on a valve, like 

IS those shown in Rgures 1 and 2. In addition, since 
the cathode exhaust gas is directly introduced into 
the combustion chamt>er gb, a sensible heat of the 
cathode exhaust gas can be used for the reforma- 
tion in the reformer 9. 

20 !n the fcrsgoing smbGdiments, only the pSate 
reformer 9 is housed in the pressure vessel 24. 
However, both the reformer 9 and the fuel cell FC 
may be placed in the pressure vessel 24. 

According to the present invention, as under- 

25 stood from the above, part of the air fed to the 
cathode and the anode exhaust gas or part of the 
cathode exhaust gas and the anode exhaust gas 
are introduced to the combustion chamber of the 
plate reformer such that the anode exhaust gas and 

30 the air or the anode exhaust gas and the cathode 
exhaust gas have the same pressure in the com- 
bustion chamber. Rirther. although the pressure in 
the refomning chamber which feeds the gas into 
the anode is set to a value higher than that in the 

35 combustion chamber due to a pressure toss at the 
anode and the like, the pressure loss Is actually 
very small so that the pressure In the reforming 
chamber is substantially equal to that In the com- 
bustion chamber. Moreover, since the opening is 

40 fonnned in the line which feeds the air into the 
combustion chamber and this air line is commu- 
nicated with the pressure vessel, the pressure in 
the pressure vessel is substantially equal to that in 
the combustion chamber. As a result a large dif- 

•<5 ferential pressure is not created between the re- 
forming chamber and the combustion chamber and 
between the inside and outside of the rafbnmer 
housed in the pressure vessel. In addition, if the 
combustion exhaust gas from the combustion 

50 chamber is introduced into the pressure vessei, the 
oxygen concentration in the pressure vessel is not 
raised greatly and a possibility of explosion due to 
fuel leakage is reduced. 

55 Clabns 

1. A method of controlling a differential pressure 
of plate reformer (9) installed In a fuel cell 
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power gen ration system, a raw material gas 
(NG) tieing refbnmed to a fuel gas in a reform- 
ing chamtier (9a) of the plate reformer (9). the 
fuel gas tielng fed to an anode <3) of a fuel ceil 
(FC). an anode exhaust gas from the anode (3) 5 
being fed to a combustion channber <9b) of the 
plate reformer (9). and a combustion exhaust 
gas from the combustion chamber (9b) being 
fed to a cathode (2) of the fuel celt (FC) 
together with an air. characterized in that the ro 
method comprises the steps of: 
pladng the plate retomner (9) in a pressure 
vessel (24): 

maintaining a pressure of a cathode exhaust 
gas to a constant value; rs 
feeding part of the air to be fed to the cathode 
(2) or a cathode exhaust gas discharged from 
the cathode (2) and the anode exhaust gas into 
the combustion chamber (8b) to make a pres- 
sure cf the air and that cf ths aneds sxhaust 20 
gas substantially the same or to make a pres- 
sure of the cathode exhmist gas and that of ttie 
anode exhaust gas substantially the same, so 
as to make a pressure of the refonning cham- 
ber (9a) and that of the combustion chamber as 
(9b) substantially the same; 
providing a line for feeding part of the air to 
the combustion chamber (9b); and 
introducing the air to be fed to the combustion 
chamber (gb) or the combustion exhaust gas 30 
Into the pressure vessel (24) to make the pres- 
sure of the reforming chamber (9a), that of the 
combustion chamber (9b) and that of the pres- 
sure vessel (24) substantially the same. 

3S 

The mettiod of claim 1, characterized In ttiat 
the method further Includes the steps of: 
feeding part of ttie air fed to the cathode (2) 
and the anode exhaust gas into the combus- 
tion chamber (9b) such tiiat the pressure in the 40 
combustion chamber (9b) and that in the re- 
forming chamber (9a) become substantially 
equal to each ottier; 

providing a line (12) for introducing part of the 
air to ihe combustion chamber (9b); and 45 
forming an opening (39) on the line (12) for 
allowing the gas In the line (12) to enter the 
pressure vessel (24) such that tiie pressure in 
the pressure vessel (24) and that in the plats 
reformer (9) become substantially equal to so 
each ottier. 

The method of claim 1 or 2, characterized in 
ttiat the method further includes the step of 
feeding an IMa gas into ttie pressure vessel S5 
(24) such ttiat an oxygen concentration in the 
pressure vessel (24) which is raised by th air 
fed into ttie pr^sure vessel (24) Is suppressed 


below an explosion limit 

4. The mettiod of daim 1, 2 or 3, characterized in 
ttiat the mettiod furttier Includes ttie step of 
providing a check valve (38) on ttie line (12) 
between ttie opening (39) and ttie combustion 
chamkier (gb) to prevent a gas in ttie combus- 
tion chamber (9b) from reversely flowing into 
ttie pressure vessel (24) via ttie opening (39). 

5. The mettiod of daim 1. characterized in ttiat 
ttie mettiod furttier indudes the steps of: 
introdudng part of ttie air fed to ttie cattioda 
(2) and tfie anode exhaust gas into ttie com- 
bustion chamtier (gb) such that a pressure In 
ttie combustion chamber (9b) and that In the 
reforming chamber (9a) become sutistantially 
equal to each ottier; 

providing a line (41) for introdudng ttie com- 
bustion exiiausi gas io the cathode (2) from 
ttie combustion chamber (9b); and 
fomning an opening (42) on ttie line (41) to 
allow ttie gas in the line (41) to enter ttie 
pressure vessel (24) via the opening (42) such 
ttiat ttie pressure in ttie reforming chamber 
(9a), ttiat In the combustion chamber (9b) and 
ttiat In ttie pressure vessel (24) become sub- 
stantially equal to oaO) ottier. 

6. Tlie mettiod of claim 5, characterized in that 
the method further includes the step of drain- 
ing a -water off ttie pressure vessel (24) when a 
steam in the combustion exhaust gas as fed 
into the pressure vessel (24) condenses. 

7. The mettiod of claim 1, characterized In ttiat 
ttie mettiod further includes the steps of: 
feeding part of the cattiode exhaust gas and 
ttie anode exhaust gc^ to the combustion 
chamber (9b) such ttiat ttie pressure In ttie 
combustion chamt»r (9b) and ttiat in ttie re- 
fonming chamber (9a) become substantially 
equal to each ottier, ttie air t>etng contained in 
ttie cattiode exhaust gas; 

providing a line (41) for introdudng ttie com- 
bustion exhaust gas to the cattiode (2) from 
ttie combustion chamber (9b); 
forming an opening (42) on ttie line (41) to 
allow ttie gas In ttie line (41) to enter ttie 
pressure vessel (24) such ttiat ttie pressure in 
ttie reforming chamber (9a). ttiat in ttie com- 
bustion chamber (9b) and that in the pressure 
vessel (24) become substantially equal to each 
ottier. 

8l TTi method according to any one of ttie pre- 
ceding daims, diaracterized in that 
the mettiod furtho- indudes the step f feeding 
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th combustion exhaust gas to the cathod (2) 
from the combustion chamb r (9b) using a 
recycl blower (14). 

9. The method according to any one of the pre- 
ceding claims, characterized in that the 
method further includes the step of controlling 
a flow rate of the raw material gas (NG) fed to 
the reforming chamber (8a) and a flow rate of 
the air fed to the combustion chamber (9b) and 
the cathode (2) in such a manner that the 
pressure of the cathode exhaust gas is main- 
tained to a constant value, whereby the pres- 
sure of the anode (3) and that of the cathode 
(2) are maintained to be sutDstantially equal to 
each other. 

10. An apparatus for controlling a differential pres- 
sure of a plate reformer (9) installed in a fuel 
cell power generation system, a raw material 
gas (NG) being fed to a refomning chamber 
(9a) of the plate reformer (9) by a raw material 
gas line (7) and reformed to a fuel gas in the 
refomning chamber (9a), the fuel gas being fed 
to an anode (3) of a fuel cell (FC), an anode 
exhaust gas from the anode (3) tielng fed to a 
combustion chamber (9b) of the plate reformer 
(9), a combustion exhaust gas from the com- 
bustion chamber (9b) being fed to a cathode 
(2) of the fuel cell (FC) together with an air, 
and the air being introduced to the cathode (2) 
by an air line (4). characterized in that the 
apparatus comprises: a pressure vessel (24) 
for housing the plato reformer (9); 

pressure control means (36, 37) for maintaining 
a pressure of a cathode exhaust gas to a 
constant value; 

pressure equalizing means (9b, 12, 45, 11) for 
making a pressure of the reforming chamber 
(9a) and that of the combustion chamber (9b) 
substantially the same, the pressure equalizing 
means including 

an air branch line (12) branched from the air 
line (4) tor feeding part of the air into the 
combustion chamber (9b) or a line (45) 
branched from a cathode exhaust gas line (35) 
for feeding part of ^e cathode exhaust gas to 
the combustion chamber (9b), and 
an anode exhaust gas line (11) connecting the 
anode (3) with the combustion chamber (gb) 
for feeding the anode exhaust gas into the 
combustion chamt>er (9b); and 
opening means (39. 42) for allowing the gas in 
the air branch line (12) to enter the pressure 
vessel (24) or allowing the combustion exhaust 
gas to enter the pressure vessel (24), so as to 
make the pressure of the reforming chamber 
(93), that of the combusti n chamtier (9b) aiKl 


that of the pressure vessel (24) substantially 
the same. 

11. The apparatus of claim 10. characterized in 
5 that the opening means includes an opening 

(39) fonnsd on the line (12) and communicated 
with the pressure vessel (24). 

1Z The apparatus of claim 10 or 11, characterized 
TO in that the apparatus further includes means 

(40) connected with the pressure vessel (24) 
for feeding an Nj gas into the pressure vessel 
(24). 

IS 13b The apparatus of claim 10, 11 or 12. diaracter- 
ized In that the apparatus further includes a 
dieck valve (38) connected with the line (12) 
between the opening (39) and the combustion 
chamber (9b) to prevent a gas in the combus- 

20 tion Gham.ber (9b) from rsverssly flowing into 

the pressure vessel (24) via the opening (39). 

14. The apparatus of claim 10, 11, 12 or 13, diar- 
acterized in that the apparatus further includes 

25 a line (41) for introducing a combustion ex- 

haust gas to the cathode (2) from the combus- 
tion chamber (9b), and that the opening means 
includes an opening (42) formed on the line 

(41) and communicated with the pressure ves- 
30 sei(24). 

15. The .apparatos of daim 10, 11, 12. 13 or 14, 
characterized in that the apparatus further in- 
cludes means (44) connected with the pres- 

as sure vessel (24) for draining a water off the 

pressure vessel (24). 

16. The apparatus of any one of claims 10 to 15, 
characterized in that the apparatus furttter in- 

40 eludes a blower (14) for feeding the comtnis- 

tion exhaust gas to the cathode (2) from the 
combusKon chamtier (9b). 

17. The apparatus of any one of claims 10 to 16, 
45 characterized in that the apparatus further in- 
cludes gas ftow rate control mearis (17, 18) 
and air flow rate corttrol means (15, 16), that 
the gas flow rate control means (15, 16) Is 
provided on the fuel gas line (7) and that the 

60 ar flow rate control means (15, 16) is provided 

on the air line (4). 
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